O ut of hospital cardiac arrest (OHCA) is a major cause of death in the United States. 1 An estimated 395 000 cases of OHCA occur in the United States every year, and 2005 to 2010 data from the CARES (Cardiac Arrest Registry to Enhance Survival) showed that the nation's overall survival rate to hospital discharge was 9.6%. 2 By targeting elements predictive of survival, improvements to OHCA care over the past decade has resulted in greater national overall survival rates. 3 A 2002 study conducted in the city of Detroit reported that 6% (n=28) of patients survived to hospital admission and 0.2% (n=1) of patients survived to hospital discharge among 471 confirmed OHCA cases. 4 This survival rate reflects the lowest ever reported among similar cities in the United States and highlights how, at the time, OHCA was an almost uniformly fatal event in Detroit, MI. Detroit OHCA data during the next decade are limited, as many of the city's systems were less functional during the city's financial decline and ultimate bankruptcy. 5 Since the 2013 bankruptcy, the city of Detroit has made significant improvements in emergency medical services (EMS) care for OHCA patients. One of the key drivers was tracking OHCA care and outcomes data in CARES and partnering with the Save-MI-Heart collaborative. In 2013 Save-MI-Heart, 6 a statebased partnership dedicated to improving cardiac arrest survival, provided support for rigorous data collection of Detroit OHCA cases, which was then used to prompt changes in cardiac arrest care based on successes from other CARES sites. New city leadership was also data focused and committed to improving patient care. Changes to the emergency response system were implemented concurrently from 2014 through 2016. Among them, an emergency medical dispatch priority system was established for the city of Detroit in 2015 that included standardized, comprehensive pre-arrival instructions (the city currently uses medical dispatch priority system Pro-QA 13.4) and training of all 911 operators. This new system replaced an older system where call-takers had no medical training and is more comprehensive than what is required by Michigan statute.
For the first time in the history of the city, non-transporting fire units were used in a medical role, with dispatch to all high priority (echo and delta level) medical dispatch priority system calls. From February 2015 to April 2017, over 800 single-role fire fighters were trained and licensed as medical first responders (MFRs). Private industry facilitated the donation of ambulances to the city and a formal agreement was made with private EMS providers to support the city's EMS system during peak hours. 7 The city also committed to a process improvement program and partnered with Wayne State University School of Medicine's Department of Emergency Medicine to support an EMS fellowship. The current project aims to examine the changes of OHCA survival rates in Detroit from 2014 to 2016, using CARES data. The factors associated with survival in Detroit during this study period are also explored. Because of its historically low OHCA survival, Detroit makes an ideal case study to evaluate what may work at a system level to improve outcomes.
Methods
Data used in the current study are derived from CARES website databases. 8 CARES protocols govern access to this study's data set; requests from qualified researchers trained in human subject confidentiality may be sent to Kimberly Vellano of the CARES Program at khauste@emory.edu.
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Requests for access to the study's analytical methods can be directed to the corresponding author. The use of CARES in Detroit was reviewed by the Wayne State University Institutional Review Board (IRB) as exempt.
Setting
Detroit is the largest city on the US-Canada border. In 2016, the estimated population in the city of Detroit was %672 795, with 13% of the population aged ≥65 years. 10 The owneroccupied housing unit rate was 48.2% housing units with a median household income of %$26 249, with 39.4% of residents living below the poverty level, and with 84% of the population identifying as African-American.
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The Detroit Fire Department operates 6 non-transporting squads and 27 fire engines all licensed at the MFR level. There are 27 Basic Life Support (BLS) ambulances and 9 Advanced Life Support (ALS) ambulances operated by the fire department. In addition, there are 8 ambulances provided by 4 private companies that provide peak-hour coverage and are dispatched by the city. Each call for service that is prioritized at the echo or delta level has the nearest ambulance and MFR apparatus dispatched. There is no preferential dispatch of ALS units because of the small number available and the size of the response area.
Cardiac arrest care is performed under standard protocols and all cases where resuscitation is attempted are included in the Detroit CARES data, including those that were terminated in the field. There are standard dead-on-scene protocols when no resuscitation will be attempted. There are ALS and BLS protocols for cardiac arrest with BLS units performing 3 initial cardiopulmonary resuscitation (CPR) cycles (6 minutes) on scene before preparing for transport. 12 The city uses the SafetyPad prehospital electronic health record system. What Are the Clinical Implications?
Data Extraction and Quality Assessment
• This study suggests that coordinated and data-driven emergency medical service improvements can more rapidly initiate the chain of survival and greatly improve end outcomes for out-of-hospital cardiac arrest patients in urban settings with limited resources.
categorized as presumed cardiac cause, drowning or submersion, drug overdose, electrocution, exsanguination or hemorrhage, and respiratory or asphyxia. We excluded all cases where EMS terminated their efforts according to do-notresuscitate orders. Both pediatric patients and adult patients were included. According to these criteria, a total of 2359 cases were identified and analyzed. Data validation for these records is performed by both automated checks in the CARES system as well as an annual review of all CARES data for missing items, outliers, and conflicting values. An agreement between Detroit EMS and Wayne State University School of Medicine's Department of Emergency Medicine enabled the department to provide its expertise to EMS data management, including personnel for auditing the uploaded prehospital data in CARES and coordinating the hospital outcome data.
Statistical Analysis
First, descriptive statistics were calculated for variables of interest. Statistical significances of differences were tested using ANOVA or t test for continuous variables and chi-square test for categorical variables. We categorized age into 5 groups according to 5th, 25th, 50th, and 75th percentiles (ie, <20, 21-50, 51-62, 63-74, >75 years) for the purpose of analysis. To examine the significance of differences in survival percentage point increase over the 3-year study period, P-value was calculated based on chi-square test of 3 proportions of survival. For the time variables (eg, response time, on-scene time, and transport time), the medians and interquartile ranges (IQR) are presented. Response time is defined as the difference between the time of dispatch and the time of arrival on-scene; on-scene time is defined as the difference between the time of arrival on-scene and the time of leaving the scene; and transport time is defined as the difference between the time of leaving the scene and the time of arrival at the hospital. The significance of differences in response, on-scene, and transport times over years was tested using non-parametric testing.
Second, a multivariable logistic regression analysis was performed to examine the association between factors and survival as the dependent variable. The relevant variables with P-values <0.05 in the bivariate analysis (eg, year, age group, sex, location of arrest, arrest being witnessed, and initial shockable rhythm) were included in multivariable logistic regression models. The overall survival rate is defined as the number of patients surviving to hospital discharge divided by the total number of OHCA patients during the study period. Adjusted odds ratio (OR) and their 95% confidence interval (95% CI) were also calculated. The Stukel test for goodnessof-fit was implemented to examine the model fit. 15, 16 All statistical analyses were performed using SAS version 9.4 (SAS Institute, Inc, Cary, NC).
Results
The Figure Table 1 presents characteristics of the OHCA population. The mean age was 60.4 years, 54.9% were male, 62.9% were black, and 86.7% were presumed to have a cardiac cause of their arrest. From 2014 to 2016, statistically significant increases were observed in the proportion of public settings as the arrest location, and the proportion of bystander-witnessed arrests, while a statistically significant decrease was observed in the proportion of unwitnessed arrests. EMS-related care factors showed significant improvement. In 2014, the proportion of CPR initiation by medical first responders after arrest was 3.7%. This proportion sharply rose to 10.1% in 2015 and to 20.7% in 2016 (P<0.001). Other increases were observed in the proportion of arrests with an automated external defibrillator (AED) applied by a medical first responder (28.3% in 2014, 59.6% in 2015, and 83.2% in 2016, P<0.001), and in the proportion of responding EMS personnel who first defibrillated a patient (18.4% in 2014, 22.8% in 2015, and 29.1% in 2016, P<0.001). Furthermore, the proportion of arrests with an AED applied before EMS arrival increased (6.5% in 2014, 11.5% in 2015, and 21.4% in 2016, P<0.001). Table 2 displays survival data for all 2359 non-traumatic OHCA cases that occurred in the city of Detroit during the study period from January 1, 2014 to December 31, 2016. In addition to the improvements in OHCA overall survival, bystander-witnessed survival rates showed a significant increase (5.6% in 2014, 9.1% in 2015, and 12.2% in 2016; P=0.004). The rate of survival to hospital admission also increased (15.3% in 2014, 19.6% in 2015, and 20.5% in 2016; P=0.017). Both median response time and on-scene time declined significantly over the study period. Table 3 presents the associations between the overall survival and relevant factors. The survival was significantly associated with the year, age, sex, and location, along with the arrest being witnessed, and the presence of an initial shockable rhythm. OHCA patients aged 21 to 50 years had a higher survival proportion than other age groups. For instance, the proportion of survival was 7.7% in the 21-to 50-year age group while it was 2.8% in patients >75 years. (P<0.01). Male patients had a lower chance of survival than female patients (4.4% versus 6.2%, P<0.05). The majority of OHCA occurred at a home or residence (89.4%). Patients who arrested at their residence had a lower chance of survival compared with those whose OHCA occurred in a public setting (4.8% versus 11.7%, P<0.001). Unwitnessed arrests had a lower chance of survival than bystander-witnessed and EMS-witnessed arrests (2.8% versus 7.2% and 14.2%, P<0.001). Patients with initial shockable rhythm were more likely to survive (10.4% versus 4.4%, P<0.001).
Multivariable logistic regression analysis results are presented in Table 4 and indicate that the year, patient sex, location of the arrest, arrest witness, and the presence of an initial shockable rhythm were the main factors associated with survival, with age no longer impacting outcome once these variables were accounted for. OHCA patients with an initial shockable rhythm were more likely to survive than those without (OR=1.875, P=0.011). The Stukel test produced a Wald chi-square of 0.21 (degrees of freedom=2), yielding a P-value of 0.90; indicating the model is a good fit. Witnessed by bystander, found in shockable rhythm, and received some bystander intervention (cardiopulmonary resuscitation by bystander and/or automated external defibrillators applied by bystander). Two explanations can be provided for the significant improvement in OHCA survival rate and survival odds ratios (Table 4) during the study period. First, improvements in the chain of survival may have increased early CPR and AED application. Our data show a notable decrease in on-scene time (Table 1) , and increased CPR initiation and AED application by MFR (Table 2 ). These findings offer quantified improvements that reflect the impact of standardized onscene cardiac arrest protocols, an improved dispatch system and MFR training. These reforms likely led to a more rapidly initiated chain of survival that would have contributed to our documented increase in the percentage of defibrillated patients (Table 2 ) and earlier CPR. This may have contributed to our overall improved bystander-witnessed survival, survival to hospital admission, and overall survival, as documented in other studies. [17] [18] [19] Second, participating in the CARES registry not only provided data, but also kept all providers focused on cardiac arrest care improvement. 20, 21 Indeed, the commitment of all stakeholders to improving Detroit cardiac arrest care was unprecedented, and every available resource was aligned toward achieving an increase in OHCA survival. Still, there is room for progress as Detroit's improved survival rates remain below the national average. 22 For Detroit OHCA cases, survival rate was positively predicted by the arrest being witnessed, if the patient was female, if an initial shockable rhythm was present, and if the arrest occurred in a public place. Patients whose arrest was witnessed by an EMS responder were over 6 times more likely to survive than those whose arrests were unwitnessed. Patients whose arrests were witnessed by a bystander were >2.7 times more likely to survive. This is consistent with other studies, and these differences may be because of quicker dispatch and earlier OHCA interventions, stemming from the aforementioned changes to the Detroit EMS system. 23, 24 Consistent with other studies, the location of arrest in Detroit is significantly associated with OHCA survival. 25, 26 Among the 2359 OHCA cases we analyzed, 89.4% occurred in residential locations and experienced lower overall survival compared with OHCA in a public setting (also consistent with other studies). 27 In Detroit, patients who arrested in a public setting were over 2 times more likely to survive than those who arrested in other settings, which may be because of less downtime, earlier EMS activation, and bystander use of lifesaving CPR and AED application. Past research shows that the impact of location upon OHCA survival may be mediated by racial segregation. One recent study by Starks et al found that OHCA patients living in majority-black neighborhoods had lower survival rates to hospital discharge. 28 Residential segregation between blacks and other groups is extremely high in Detroit, and this segregation is associated with racial health disparities and high black mortality. [29] [30] [31] [32] However, our calculated survival rates did not indicate a statistically significant difference in OHCA survival for blacks compared with other groups. This contrasts with other studies and may be related to our relatively small sample size, our single-city analysis, lack of geographic analysis, and limited availability of clinical and social variables. 28, 33 In the future, our ongoing data collection will allow us a thorough exploration of this issue. There are several potential limitations to our study. First, our data are derived from CARES, which does not collect 
Conclusions
This study shows a dramatic increase in OHCA survival in Detroit between 2014 and 2016, and strongly suggests that EMS improvement and a more rapidly initiated chain of survival is critical to achieve such an outcome in urban settings with limited resources. It also provides a robust example of how better OHCA data collection and analysis can encourage a city-wide effort to improve survival rates, while also contributing to the existing evidence base on the association of female sex, a public place, presence of an initial shockable rhythm, and presence of an EMS or bystander witness with OHCA survival. Future studies should measure how OHCA survival can be further improved by advanced prehospital interventions and elucidate the extent to which non-clinical factors can be addressed to improve OHCA survival.
